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1 Introduction
The ATLAS and CMS collaborations at CERN are trying to determine whether the discov-
ered boson is the expected Standard Model (SM) Higgs [1, 2]. They do this by examining
its couplings to other particles. So far it appears to be very SM like, however there are
discrepancies. One such discrepancy might be the coupling to two photons. The ATLAS
collaboration measures the rate at which the Higgs decays to two photons to be above the
predicted SM rate [1] while the CMS collaboration measures a defect in different produc-
tions [3]. In the SM, the Higgs does not couple to photons at tree level, but only through
loops of charged particles. Any model introducing new charged particles which couple to
the Higgs has the potential to greatly affect the coupling to photons, since they enter at the
same order. At this point, the observed rates are not compelling evidence of new physics,
but leave the possibility open. As a natural solution to the hierarchy problem, models with
supersymmetry (SUSY) are one of the preferred new physics scenarios, which also have the
ability to alter this coupling from the corresponding SM value.
SUSY models also have several problems. For instance, models with general soft break-
ing terms pose issues in the flavor sector. Moreover, in minimal scenarios even generating
the observed Higgs mass is not an easy task. Within the minimal supersymmetric standard
model (MSSM) the Higgs boson mass is bounded at tree level by the mass of the Z boson
(∼ 91 GeV). To raise this value to the observed 125.5 GeV, large quantum corrections are
needed. Such large corrections can only come from top/stop loops and require either a
large average mass of the stops or large stop mixing [4]. Large masses and/or mixings can
lead to more fine tuning, introducing the so called little hierarchy problem. This problem
can be relaxed significantly at the cost of giving up on minimality, e.g. introducing extra
particles that modify the tree-level prediction for the Higgs mass, allowing for naturally
larger values of mh. This kind of extensions would be of special interest if the new particles
could also help to modify the MSSM rate of Higgs to diphoton decays.
One such class of models introduces an additional zero hypercharge (Y ), SU(2)L triplet,
chiral superfield to the MSSM [5–8]. This extra triplet is coupled to the Higgs fields, which
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has the effect of helping to raise the mass of the Higgs without the necessity of large stop
masses or mixings. As an SU(2)L triplet with no hypercharge, the field contains singly
electrically charged states. Due to the coupling with the Higgs, these additional charged
states help to modify the MSSM rate of Higgs to diphoton decays. The additional triplet
states couple with the Higgs, but not directly to quarks or gluons, so the production cross
section for the triplet states at the LHC will be negligible. The presence of these extra
states will only be inferred through their indirect effects on other processes (such as the
h → γγ ratio). Another way these extra states may be inferred is in stop decays, which
will be the main focus of this paper.
Many different direct searches for supersymmetry, including searches for sfermions and
gluinos, are being undertaken at the LHC [9–12]. In many of these searches a simplified
model is used in which the stops decay either only to a top quark and a neutralino or only
to a bottom quark and a chargino. This assumption is not always representative of the
MSSM, but it allows for a search method. The addition of the triplet field introduces an
extra chargino and neutralino. Despite the stop not having direct couplings to the triplet
states, its decays can be modified due to mixing between the fermionic triplets and the
Higgsinos. In this paper we demonstrate how this effect can introduce significant changes
in the branching ratios of the stops, compared to the MSSM ones. These changes, of course,
complicate the interpretation of direct searches analyses for stop pair production, as well
as gluino pair production which cascades through stops.
The content of this paper goes as follows. In section 2 we will describe the setup of the
model, including some considerations of the electroweak constraints on scalar triplets, as
well as the parameters we will be using throughout this work. In section 3 we examine the
decays of the lightest stop in the triplet extension, and show how the branching ratios are
affected by the fermion triplets, comparing the results with the MSSM branching ratios. In
section 4, we do a quick LHC simulation and detector level analysis to exemplify how these
changes can affect the direct searches of stop pairs. Finally, our conclusions are presented
in section 5.
2 The model
We consider an extension of the MSSM with a Y = 0 triplet chiral superfield. We follow
the setup and notation of ref. [13], and we refer to that reference for more details. The
triplet, Σ, can be described by its electrically charged and neutral components as
Σ =
(
ξ0/
√
2 −ξ+2
ξ−1 −ξ0/
√
2
)
. (2.1)
The superpotential in the Higgs-Σ sector is given by
WHiggs-Σ = µH1 ·H2 + λH1 · ΣH2 + 1
2
µΣ tr Σ
2, (2.2)
with a ·b ≡ aiεijbj , ε21 = −ε12 = 1, ε11 = ε22 = 0. The soft breaking potential is also
modified by
∆Vsoft = m
2
4|Σ|2 +
(
1
2
BΣµΣ tr Σ
2 +AλλH1 · ΣH2 + h.c.
)
. (2.3)
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Compared with the MSSM, there are therefore five extra parameters: the superpotential
coupling λ, the supersymmetric mass µΣ, the soft-breaking mass m4, and the bilinear and
trilinear soft-breaking parameters BΣ and Aλ.
2.1 Scalar triplet-Higgs sector
An expansion of the neutral scalar potential leads to
V = m21|H01 |2 +m22|H02 |2 +m24|ξ0|2 +
g2 + g′2
8
(|H02 |2 − |H01 |2)2
+
∣∣∣∣ λ√2H02H01 − µΣξ0
∣∣∣∣2 + ∣∣∣∣ λ√2H01ξ0 − µH01
∣∣∣∣2 + ∣∣∣∣ λ√2H02ξ0 − µH02
∣∣∣∣2
+
(
BΣµΣξ
0ξ0 − 1√
2
AλλH
0
1H
0
2ξ
0 −m23H02H01 + h.c.
)
. (2.4)
Electroweak observables, specifically the T parameter, constrain the vacuum expectation
value (VEV) of ξ0, 〈ξ0〉, to be around the GeV scale or smaller [6]. A large mass for the
scalar triplet lowers 〈ξ0〉. Thus, the following hierarchy is used,∣∣∣∣Aλv
∣∣∣∣ , ∣∣∣µv ∣∣∣ , ∣∣∣µΣv ∣∣∣ . 10−2m2Σλv2 , (2.5)
where m2Σ = m
2
4 + µ
2
Σ +BΣµΣ + λ
2v2/2. For the rest of the paper, we will set the VEV of
ξ0 and the trilinear coupling Aλ to zero. Under the conditions given by eq. (2.5) the scalar
triplets decouple from the scalar doublets and the conditions needed to minimize the scalar
potential are
m2A = m
2
1 +m
2
2 + 2|µ|2 +
λ2
2
v2, (2.6)
m2Z =
m22 −m21
cos(2β)
−m2A +
λ2
2
v2, (2.7)
m23 = m
2
A sinβ cosβ, (2.8)
where tanβ = v2/v1 and v =
√
v21 + v
2
2 = 174 GeV. Using the definitions H
0
i = vi +
(hi + iχi)/
√
2 and x = Re ξ0/
√
2, the CP-even scalar mass squared terms are given at tree
level by
1
2
(
h2 h1
)
M2CP-even
(
h2
h1
)
+
1
2
m2Σx
2,
where
M2CP-even =
(
m2A cos
2 β +m2Z sin
2 β − (m2A +m2Z − v2λ2) cosβ sinβ
− (m2A +m2Z − v2λ2) cosβ sinβ m2A sin2 β +m2Z cos2 β
)
. (2.9)
We will examine what happens for a range of values for the triplet fermion mass
parameter, µΣ. At the level of the one-loop effective potential, the CP-even neutral Higgs
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Figure 1. Regions where the Higgs mass is 125.5 GeV when µΣ = 200 GeV (a) and µΣ = 800 GeV
(b) for different values of mA and mUc3 = mQ3 = 700 GeV.
mixing matrix is changed by the triplet as
∆ΣM211 =
5λ4
32pi2
log
(
m2Σ
µ2Σ
)
v2 sin2 β,
∆ΣM222 =
5λ4
32pi2
log
(
m2Σ
µ2Σ
)
v2 cos2 β,
∆ΣM212 =
λ4
32pi2
log
(
m2Σ
µ2Σ
)
v2 sinβ cosβ. (2.10)
This shows that the mass of the Higgs depends on the mass parameter of the fermion triplets
µΣ through radiative corrections. The reader is referred to ref. [7] for more information
on the one-loop effective potential effects of the stop and triplet sectors on the mass and
mixings of the Higgs.
One interesting result in ref. [7] is the existence of critical points (λ, tanβ)=(λC , tanβC)
where the decoupling or alignment limit occurs for much smaller values of mA than in the
MSSM.1 The curves corresponding to a fixed value of the Higgs mass in (λ, tanβ) space
do intersect for different fixed values of mA. Examples of this are shown in figure 1 where
the Higgs mass is fixed at 125.5 GeV. At this critical point, the value of the rotation of the
VEVs (β) and the rotation angle (α) for the mass eigenstates of the two Higgs doublets
align such that sin(β − α) = 1. In this case, the couplings of the lightest Higgs boson to
vector fields are the same as in the SM. The region around the critical point is similar,
with sin(β − α) ∼ 1. As the value of µΣ increases, the critical value of tanβ decreases,
while raising the minimum value of mA which can yield a correct Higgs mass, as would
be expected in the decoupling limit of the MSSM. However, although it is clear that one
strictly recovers the MSSM in the limit µΣ → ∞, for large values µΣ & mt˜i the triplet
fermions will not affect the decay of stops but still (as the triplet is not integrated out
supersymmetrically) the coupling λ in the superpotential provides a tree-level contribution
to the Higgs mass which makes the model phenomenologically viable, as can be seen in the
right panel of figure 1.2 To simplify the notation we will call such models MSSM-like.
1For a recent analysis of alignment in different models see ref. [14].
2Note that in the strict MSSM limit, using the specific values mQ3 = mUc3 = 700 GeV and At = 0 will
not generate the observed mass of the Higgs.
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Figure 2. The critical values of λ (a) and tanβ (b) as a function of µΣ.
In figure 2 the critical values of λ and tanβ are plotted against µΣ, for mQ3 = mUc3 =
700 GeV and At = 0. In the following we will always use the critical values (λC , tanβC) for
the specific values of µΣ, mQ3 and mUc3 being analyzed. For simplicity, we will keep At = 0
to reduce the number of free parameters. Keeping a small value of At can be justified by
naturalness arguments (note that in this model neither the stop masses or mixing have
to be large). On the other hand, if all A-terms have a common origin, since Aλ has to
be kept small to avoid conflict with electroweak precision data constraints, At will also be
expected to be small. This occurs naturally, for instance, in scenarios with gauge mediation
of SUSY breaking.
2.2 Chargino and neutralino sectors
The addition of the triplet chiral superfield not only helps raise the mass of the Higgs, but
it also adds an extra chargino and neutralino. In the (enlarged) gauge-eigenstate basis,
ψ0 =
(
B˜ W˜ 0 H˜01 H˜
0
2 ξ˜
0
)
, ψ+ =
(
W˜+ H˜+2 ξ˜
+
2
)
, ψ− =
(
W˜− H˜−1 ξ˜
−
1
)
, the corresponding
mass terms are given by:
∆L = −1
2
(
(ψ+)T (ψ−)T
)( 0 MT
C˜
M
C˜
0
)(
ψ+
ψ−
)
− 1
2
(
ψ0
)TM
N˜
ψ0 + h.c., (2.11)
with mass matrices given by:
M
C˜
=
 M2 gv sinβ 0gv cosβ µ −λv sinβ
0 −λv cosβ −µΣ
 , (2.12)
M
N˜
=

M1 0 − cosβsWmZ sinβsWmZ 0
0 M2 cosβcWmZ − sinβcWmZ 0
− cosβsWmZ cosβcWmZ 0 −µ λ√2v sinβ
sinβsWmZ − sinβcWmZ −µ 0 λ√2v cosβ
0 0 λ√
2
v sinβ λ√
2
v cosβ µΣ
 ,
where sW ≡ sin θW , cW ≡ cos θW .
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The rest of this paper will focus on finding regions of parameter space in which the
presence of the extra neutralino and chargino could be inferred. Searches for supersymme-
try often focus on colored particles due to the strength of the strong coupling. In many
top-down SUSY models, the lightest stop is the lightest sfermion because of the effect on
the running of soft masses from the top Yukawa coupling. We choose a region of parameter
space where the stop is the lightest sfermion. Assuming a large enough value for the gluino
mass, the stop can only decay to a chargino or a neutralino and SM particles.
Regarding the stop sector, as explained in the previous section, we will fix At = 0.
For the third generation of squark soft masses, for illustrational purposes we will consider
the following three benchmark points, which represent the cases of similar stop masses and
large stop mixing (Point A), the lightest stop being mostly right-handed (Point B), or
being mostly left-handed (Point C ):
Point A: mQ3 = mUc3 = 700 GeV,
Point B: mQ3 = 1100 GeV, mUc3 = 700 GeV, (2.13)
Point C: mQ3 = 700 GeV, mUc3 = 1100 GeV.
The fermionic triplets do not couple to the stops, so they only affect the stop decays
through mixing. Examination of the mass matrices in eq. (2.12) reveals that the triplet
fermions can only mix with the Higgsino states.3 Therefore, the triplet effects on the
stop phenomenology will only manifest when the stop decays into states that are mostly
fermion triplet or Higgsino like. Decays into a state which is mostly fermion triplet like will
be suppressed. Similarly the strongest decays will be to states which are mostly H˜2-like,
due to the top Yukawa coupling. Therefore, to see the effect of the triplets, we have set
the Bino and Wino masses, M1 and M2, above the lightest stop, and we scan only over
the supersymmetric mass of the fermion triplet, µΣ, and the Higgsino mass parameter,
µ. Likewise, as mentioned above, we will also choose a value for the gluino mass such
that decays into these states are not allowed. We then take the following values for the
gaugino masses,
M1 = M2 = 800 GeV and M3 = 1000 GeV. (2.14)
For these values of the parameters we will always work in the critical point, tanβ = tanβC
and λ = λC , which allows to reproduce the Higss mass for small mA values, which we
set as mA = 130 GeV. In figure 3 the interaction eigenstates that account for the largest
component of the lightest and next-to-lightest neutralinos and charginos are displayed
over a range of µ and µΣ for point A. As an example, for the lightest neutralino, this
was calculated using the unitary matrix N which diagonalizes M
N˜
. Defining the lightest
neutralino by χ˜01 = N1jψ
0
j , the plot in the upper left panel of figure 3 shows the component
ψ0j with the maximum value of N
2
1j .
To better illustrate the effects that a relatively light fermion triplet has on the stops
decays, in the next section we will compare the results in the triplet extension to that
of the MSSM-like models (i.e. for large values of µΣ) using the same parameter selection.
In particular, we will use for tanβ the critical value obtained for the corresponding light
3Mixing between the triplet charged fermions and Winos is allowed in principle, via the VEV of ξ0. But,
as explained above, this is strongly constrained by the electroweak precision observables and we neglect it.
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(a) (b)
(c) (d)
Figure 3. The interaction eigenstate which is the largest portion of (a) χ˜01 [lightest neutralino], (b)
χ˜02 [next-to-lightest neutralino], (c) χ˜
±
1 [lightest chargino], and (d) χ˜
±
2 [next-to-lightest chargino].
triplet extension scenario. In those MSSM-like scenarios the decays of the stops are going
to be the same ones of the MSSM since there are no extra light states.
3 Stop decays
Because of the absence of any direct coupling between the triplet and the sfermions, the
total width of the stop is mostly independent on the value of µΣ. This can be seen in
figure 4, where we plot the total width of the lightest stop for point A. From here on, the
branching ratios for the different decays of the lightest stop will be calculated in the triplet
extension and in the MSSM-like scenarios. First of all, as the parameter µΣ gets large, and
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Figure 4. Total width of the lightest stop. Note that the width does not vary with µΣ other than
the upper right corner of parameter space. In this area the stop has no open decay channels.
the fermion triplet becomes decoupled, the results should approach the MSSM limit. The
decoupling can be seen in figure 5a, where we plot, as a function of µ, the branching ratios
of the lightest stop in the triplet extension at point A for µΣ = 800 GeV. The critical value
of tanβ in this case is 2.67. This exactly reproduces the branching ratios of the MSSM for
the same value of tanβ, with the decay t˜1 → χ˜+1 b dominating at large values of µ.
When the fermion triplets are not decoupled, an extra decay mode is opened for the
stop. In figure 5b we plot the branching ratios for point A for µΣ = 200 GeV, which
gives tanβC = 3.50. The first feature this figure shows is how a stop decay is allowed
for µ ≥ mt˜1 , which is not true for the MSSM or the large µΣ limit. The results for the
light fermion triplet case can be compared to the MSSM-like model with µΣ = 800 GeV
and a small value of M2, so the stop has a triplet state to decay into for both cases (the
states ξ˜i for the triplet extension and W˜ i for the MSSM-like case). The results in this
MSSM-like scenario can be seen in figure 5c, where we have considered M2 = 200 GeV. To
make the comparison faithful we have fixed for tanβ the same critical value as in figure 5b,
i.e. tanβ = 3.50. This means that in order to reproduce the Higgs mass we need, from
the right panel of figure 1, λ ' 0.94 and large values of mA, the decoupling regime of the
MSSM. This extends the decays to regions where the Higgsinos are heavier than the stop.
By comparing figures 5b and 5c we observe that the most significant difference in the triplet
extension is an enhancement of the decays to the second chargino state for µΣ < µ . mt˜1 ,
being the dominant channel in most of this region. Indeed for µ > 200 GeV the second
chargino becomes Higgsino like in both cases, while the lightest neutralino/chargino states
become mostly triplet (Wino) in the triplet extension (MSSM-like). Thus, in the triplet
scenario the (small) mixing with the Higgsinos suppresses the χ˜0,±1 channels, compared
to the MSSM-like case where they occur through SU(2)L gauge couplings, and in turn
enhances the branching ratio to the χ˜±2 channel.
In other regions of the stop parameter space the presence of the fermionic triplets
can have different effects, as we have verified scanning over different values of the stop
soft masses mQ3 and mUc3 . Figure 6 shows the analogous comparison for point B, which
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Figure 5. Comparison of the branching ratios (BR) of the lightest stop, as a function of µ, for
point A: mQ3 = mUc3 = 700 GeV. (a) In the triplet extension for µΣ = 800 GeV (at the critical
point). This reproduces the MSSM with tanβ set to the same critical value of 2.67. (b) In the triplet
extension with µΣ = 200 GeV. In this case the critical values are (tanβC , λC) = (3.50, 0.884). (c)
The same in the MSSM-like case, with tanβ = 3.50 and M2 = 200 GeV so the stop also has a light
triplet state available for decays.
illustrates the case mQ3  mUc3 , giving a mostly right-handed lightest stop. Comparing
figures 6b and 6c (where λ ' 0.97 to reproduce the Higgs mass) we see that the effect of the
triplet is the opposite as above, and the branching ratio to the second chargino is smaller
compared to the MSSM-like scenario with a light Wino. The argument to understand this
follows the one above. In this case, however, since the lightest stop is mostly right handed,
and therefore has no Wino coupling, the suppression of the decays into χ˜0,±1 is larger in
the MSSM-like case. More interesting is the case mUc3  mQ3 , where the lightest stop is
left-handed. The comparison of the different scenarios for point C are shown in figure 7.
In this case, figures 7b and 7c (again λ ' 0.97 to reproduce a 125.5 GeV Higgs) show not
only an enhancement in the decays to the second neutralino, but also a big effect on the
branching fractions for the decays into the first neutralino/chargino states. This is more
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Figure 6. Comparison of the branching ratios of the lightest stop, as a function of µ, for point B :
mQ3 = 1100 GeV, mUc3 = 700 GeV. (a) In the triplet extension for µΣ = 800 GeV (at the critical
point) or, equivalently, the MSSM with tanβ = 3.48. (b) In the triplet extension with µΣ =
200 GeV. In this case the critical values are (tanβC , λC) = (5.99, 0.876). (c) The same in the
MSSM-like case, with tanβ = 5.99 and M2 = 200 GeV so the stop also has a light triplet state
available for decays.
noticeable for large µ, where only the decays into the lightest neutralino and chargino are
available. As can be seen, the decays with the largest branching fraction are reversed,
which completely changes the search strategy. This is solely explained by the lightest stop
being left handed, so the only t˜1H˜
±b interaction is proportional to the bottom Yukawa
coupling. Thus, in the triplet extension charged decays are suppressed compared to the
neutral ones by the ratio between the bottom and top Yukawa couplings. Again, in the
MSSM-like scenario both occur through SU(2)L gauge couplings.
To summarize, the results in this section show that a light Y = 0 fermion triplet state
can significantly change the decays of the stops. As we will see in the next section, these
changes translate into significant differences when we consider the full decay chains and
analyze stop pair production in terms of states detectable at the detector level in LHC
experiments.
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Figure 7. Comparison of the branching ratios of the lightest stop, as a function of µ, for point C :
mQ3 = 700 GeV, mUc3 = 1100 GeV. (a) In the triplet extension for µΣ = 800 GeV (at the critical
point) or, equivalently, the MSSM with tanβ = 3.48. (b) In the triplet extension with µΣ =
200 GeV. In this case the critical values are (tanβC , λC) = (5.99, 0.876). (c) The same in the
MSSM-like case, with tanβ = 5.99 and M2 = 200 GeV so the stop also has a light triplet state
available for decays.
4 LHC considerations
To perform a detailed search method for the range of parameters considered above is beyond
the scope of this paper. However, we wish to highlight how the presence of a light fermion
triplet could affect the final states observed at the detector level. To do this, we used
FeynRules [15, 16] to implement the model into MadGraph 5 [17]. We generated stop pair
production events at a center of mass energy of 14 TeV. The results were then ran through
Pythia [18] for hadronization and PGS [19] for detector level analysis.
We have analyzed all the scenarios discussed in the previous section: (a) a MSSM-
like model with M2 = 800 GeV (dubbed as MSSM800); (b) a triplet extension with M2 =
800 GeV and µΣ = 200 GeV (dubbed as Triplet Ext.); and (c) another MSSM-like scenario
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with light Winos, M2 = 200 GeV (dubbed as MSSM200). We chose a value of µ = 600 GeV
in all cases and generate events for all three points A, B and C in (2.13). Within each
scenario the masses of the first two neutralinos/charginos are very similar for all three
points,
mχ˜01,2 ≈

570, 600 GeV MSSM800
200, 580 GeV Triplet Ext.
190, 600 GeV MSSM200
, mχ˜±1,2
≈

580, 820 GeV MSSM800
200, 600 GeV Triplet Ext.
190, 610 GeV MSSM200
, (4.1)
while the stop masses and mixings are given by,
mt˜1,2 ≈
{
700, 740 GeV Point A
720, 1110 GeV Points B & C
, θt ≈

46◦ Point A
4◦ Point B
1◦ Point C
. (4.2)
Again, we have set At = 0. Thus, the only source of stop mixing is the off-diagonal term
−vµyt cosβ in the stop mass matrix. This term is enough to generate a large mixing in
point A, due to the degeneracy of the soft masses in this case. For this point, since the two
physical stops have similar masses we consider the production of both states. Moreover,
because the masses are similar and the stop mixing angle θt ≈ 45◦, the decays of t˜1 and t˜2
are almost the same for this point.
In all cases the MSSM800 scenario behaves as one of the simplified models under con-
sideration at the LHC collaborations, where the lightest stop decays only to the lightest
chargino and a bottom quark. In this situation the lightest chargino decays to the lightest
neutralino with an off-shell W . On the other hand, from the results in the previous section,
for the light fermion triplet scenario (Triplet Ext. model) we have:
BR
(
t˜1 → χ˜01 t
) ≈ { 0.2 Points A & B
0.8 Point C
, BR
(
t˜1 → χ˜±1,2 b
)
≈
{
0.3, 0.5 Points A & B
0 , 0.2 Point C
.
(4.3)
There are several channels with sizable branching ratios or, in the case of point C, the decays
are mostly dominated by a different channel
(
t˜1 → χ˜01 t
)
than in the MSSM
(
t˜1 → χ˜+1 b
)
. In
any case, the phenomenology of the signal is expected to be different than in the MSSM.
When the stop decays to the second to lightest chargino, a long decay chain may be
established. Note that for the splitting between the first and second chargino states, given
the low value of the CP-odd Higgs mass, mA = 130 GeV, the decays products of the second
chargino also involve the heavy Higgses, except for the MSSM200 where we are assuming a
Higgs sector in the decoupling limit (i.e. mA ' 1 TeV).
The PGS detector level results for the jet and lepton counts are shown in tables 1
and 2, respectively. These numbers include only new physics events pp → t˜∗1t˜1 (and t˜∗2t˜2
for point A), without any cuts, and are only meant to illustrate the effects of the triplet.
Looking at eq. (4.3) we do not expect too much of a difference between the different
benchmark points using this kind of simplistic analysis. However, we do see a big difference
in the jet and lepton counts between the MSSM800 compared to the Triplet Ext. model
and the MSSM200.
– 12 –
J
H
E
P01(2014)177
# of Jet Counts
Model Point 3 4 5 ≥ 6
MSSM800 A, B, C 25 23-25 16-17 17-19
(M2=800GeV)
Triplet Extension A, B, C 8-9 14 18-19 54-57
(µΣ=200GeV, M2=800GeV)
MSSM200 A, B 11-13 18-19 20-21 43-46
(M2=200GeV) C 7 13 17 60
Table 1. PGS detector level counts. The figure under every jet count is the percentage of the
events which contain the given number of jets.
# of Lepton Counts
Model Point 0 1 2 ≥ 3
MSSM800 A, B, C 81-82 17 1-2 0
(M2=800GeV)
Triplet Extension A, B, C 53-57 34-37 8-9 1
(µΣ=200GeV, M2=800GeV)
MSSM200 A, B 65 30 5 1
(M2=200GeV) C 53 35 10 2
Table 2. PGS detector level counts. The figure under every lepton count is the percentage of the
events which contain the given number of leptons.
When there is a light triplet state
(
ξ˜i or W˜ i
)
we see that there is only a nominal
difference between the Triplet Ext. and the MSSM200 in the jet or leptons counts. One
can imagine a more elaborate analysis to distinguish between both these scenarios. For
example, in point C, most bottoms in the Triplet Ext. model come from top decays, as
opposed to the MSSM200 where they come directly from the decay of the stop, as can be
seen from figures 7b and 7c. Therefore reconstructing the top mass could be a discriminant
between both scenarios.
5 Conclusions
The Y = 0 triplet chiral field extension of the MSSM has many promising features. The
presence of extra particles allows the mass of the lightest Higgs boson to be raised to the
observed 125.5 GeV value without the necessity of heavy stops or large mixing parameters.
This helps to prevent the so called little hierarchy problem. In fact, the area of parameter
space that we have worked in does not allow for a 125.5 GeV Higgs in the MSSM, but it is
allowed with the addition of the triplet chiral superfield. This alone seems to be motivation
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enough for more study of this model. Moreover, the extra charged states coupling to the
Higgs could explain a possible deviation in the h→ γγ channel. From the point of view of
SUSY searches at the LHC, and in particular in stop pair production, the phenomenology
can also be quite different, even if the triplet cannot couple directly to the stops. We have
shown that fermion triplet states can introduce significant changes in the landscape of the
stop decays via mixing in the neutralino/chargino sectors. These changes depend on the
stop spectrum and in many cases can be as large as to modify the dominant decay modes
of the lightest stop. Should the LHC observe a supersymmetric like signal, a dedicated
analysis looking for these kind of differences would allow to unveil the presence of triplet
chiral superfields enlarging the MSSM spectrum.
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